Introduction
In many developing countries, micronutrient deficiencies are major public health problems in young children and women especially during pregnancy and lactation [1] . Nutritional requirements during lactation are greater than during pregnancy [2] . The first two years of life are crucial for children's long-term physical, mental and emotional development [3] . Growing children require extra micronutrients to maintain optimal growth and development (including normal brain development and cognitive function) in addition to protein. Low status of iron, zinc and vitamin A often co-occur and has independent and interacting effects on health, growth and immunological response [4] [5] [6] [7] . On the other hand, a competitive interaction was reported between zinc and iron absorption in humans-zinc inhibits iron absorption and iron also inhibits zinc absorption when both were administered simultaneously [8] . Iron deficiency is the most common cause of nutritional anaemia and is the most common micronutrient deficiency worldwide; it has negative effects on the motor and mental development of young children [9, 10] . Similarly, low zinc status has a negative influence on growth and development and increases the risk of diarrhoea and
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acute respiratory infections among children [11] [12] [13] . In this study we focused only on iron and zinc micronutrient deficiencies due to financial constraints. However, it is important to note that other micronutrient, in particular vitamin A, and macronutrient intakes may be problematic in developing world countries such as Ethiopia. In addition to poor dietary intake of iron, anaemia can be caused by deficiencies of vitamin A or vitamin B12, chronic infections and parasite infestations.
It is estimated that 22% of the maternal deaths around the globe are related to severe anaemia [14, 15] . In Ethiopia, the magnitude of anaemia, zinc and iron deficiency among mothers and children is reported to be very high. A cross-sectional study conducted in Gondar among nonpregnant women reported prevalence of 74% for zinc and 55% for iron deficiencies, respectively [16] . A cross-sectional study among 700 pregnant mothers in rural Sidama, South Ethiopia, showed that 53% of them were deficient in zinc [17] . Another study conducted in 2008 among 22,861 reproductive age group among nine administrative region of Ethiopia by Umeta et al. [18] reported that 30.4% were anaemic, 49.7% were iron deficient (ID) and 17% had iron deficiency anaemia (IDA). A single study documenting the magnitude of ferritin status among lactating mothers in a slum of Addis Ababa showed that the prevalence of low ferritin status was 22.3% [19] . Studies of anaemia prevalence in children reported levels of 66.6% in children 6-23 months old in Wag-Himra Zone, Northeast Ethiopia [20] , and the Ethiopian Demographic and Health Survey (EDHS) indicated 60.6% of children 6-23 months were anaemic [21] , while 37% of under five children were anaemic in Kilte Awulaelo Woreda, Northern Ethiopia [22] .
No study has been published to our knowledge on the interrelation of micronutrient deficiencies among lactating mothers and their children in Africa, particularly in Ethiopia. Most studies have focused on only one micronutrient or on one segment of a population group, whereas many populations can be expected to be deficient in several micronutrients at the same time. The aim of this study was to explore the prevalence of concomitant micronutrient deficiencies in lactating mothers and their children (6-23 months) across agro-ecological zones of rural Ethiopia.
Materials and methods

Study area and participants
This study was conducted in the Babile, Enderta and Hintalowajirat districts of Ethiopia from January to February 2014. Babile District (Woreda), which is 560 km away from Addis Ababa, in the eastern part of Ethiopia, is a lowland agro-ecological area. Its altitude ranges from 950 to 2000 m above sea level, and data were collected from 1000 to 1500 m above sea level. The major agricultural product for consumption is sorghum, and oil seeds and groundnuts are used as cash crops. Hintalo Wajirat and Endreta districts (683 and 773 km away from Addis Ababa in the Northern part of Ethiopia, respectively) represented midland agro-ecological areas. Data were collected from an altitude of greater than 2000 m above sea level. The major produce in these areas are cereals (teff and barley), and some people are involved in animal husbandry. A community-based study was conducted in four kebeles randomly selected from each geographical area (lowland and midland).
In this study, a total of 216 lactating mothers with a child 6-23 months of age were interviewed across both agro-ecological zones. Out of the 216 mothers who were interviewed, 202 of them and their children (6-23 months of age) provided blood samples. Of these 202 mother-child pairs, blood samples from 162 mother-child pairs were tested for micronutrients. Forty mother-child samples were not tested due to insufficient blood sample being obtained particularly in the case of the smaller children, or sample haemolysis. Thus, data from 162 mother-child pairs were included in this study: 82 mother-child pairs in households in the lowland area and 80 mother-child pairs in households in the midland area. After interview in their respective houses, mothers were given appointments to bring their children to the local clinic for a physical check-up by a medical practitioner the next morning. The first author (Dr. KTR) was present in the clinic to ensure the identity of the mothers who participated in the study. After through explanations and consent, blood samples were collected in the morning from both mothers and children.
Blood collection, serum separation and micronutrient measurement
Three to five millilitres of venous blood sample from the antecubital vein were taken from each study subject. The samples were taken in the morning (from 8:00 to 10:00 a.m.) [23] and were aliquoted into tubes without anticoagulants by a trained health professional. Samples were clotted and centrifuged to separate serum. The serum was stored frozen at −20 °C and transported by plane to the Ethiopian Public Health Institution (EPHI; http://www.ephi.gov.et), Addis Ababa. Serum ferritin, an indicator of iron stores, was analysed using an enzyme-linked immunosorbent assay (ELISA) with a fully automated Elecsys 1020 using commercial kits purchased from Boehringer Mannheim, Germany by a senior medical technologist. Serum ferritin (SF) levels were classified as low if <15 µg/l as recommended by WHO [24, 25] .
A small portion of whole blood from the syringe was used to test haemoglobin level of the mothers and children immediately on site by using portable HemoCue analyser (HemoCue ® Hb 301). The cut-off point for anaemia was based on WHO (2011) recommendation for non-pregnant mothers. This procedure was validated elsewhere in resource poor settings [26] . Level of anaemia was classified as: mild anaemia (Hgb 10-11.9 g/dl), moderate anaemia (Hgb 7-9.9 g/dl) and severe anaemia (Hgb less than 7 g/dl). Haemoglobin reading levels were adjusted for altitude by 0, −2, −5, −8 and −13 for altitudes of <1000, 1500, 2000 and 2500 m above sea level, respectively. We did not collect data above 2500 m [27] . Iron deficiency anaemia was defined as serum ferritin less than 15 µg/l and haemoglobin less than 12 g/dl [27] .
To determine zinc, sera derived from the non-fasting blood samples collected in the morning (8.00-10.00 a.m.) were shipped to EPHI in dry ice and polystyrene packaging material. Samples of serum were collected into zinc-/ metal-free vacutainers, and gloves were free of talcum powder. The concentration of zinc in serum was determined at the National Food, Medicines, Health Service Administration and Control Authority (FMHACA) laboratory by using Shimadzu Flame Atomic Absorption Spectroscopy (AA 6800 model, Japan). Serum sample (200 μl) was added into a trace metal-free plastic test tube and diluted with 6% butanol in 1:5 ratios. Calibration of the Atomic Absorption Spectrophotometer (Shimadzu) was carried out using series of zinc standards 0, 0.1, 0.2, 0.3 and 0.4 ppm by dilution from stock of 1000 ppm AAS zinc standard. Each series of standards was diluted with 5% glycerol to be equivalent with the viscosity of serum. Zinc concentration was measured using an air-acetylene flame at a wavelength of 213.9 nm and a slit width of 0.7 nm. The results were calculated from two runs [28] . To minimize the risk of contamination, all glassware and plastic tubes used were immersed in 10% (v/v) solution of nitric acid for 24 h, washed with distilled water and rinsed with deionized water before use and gloves free from talcum powder were used. We used a cut-off value for serum zinc of 65 μg/dl, for children and 66 μg/dl for mothers as recommended by the International Zinc Nutrition Consultative Group (IZincCG) [23] .
Socio-demographic status and anthropometric measures
The following information was obtained from mothers during a face-to-face interview and recorded onto a questionnaire: health status of the child, such as age, gender, illness in the 2 weeks prior to the interview; profile of the mother, such as age of the mother, literacy (mother being able to read and write), marital status, occupation, parity, birth interval, family size and health services utilization; environmental services, such as owning a latrine and source of drinking water (pipe water vs. water from unprotected spring, river or well). The questionnaire was developed in English, translated into the local language (Tigrigna and Afan Oromo) and pretested in non-study households in a similar community before application. Finally, mothers were given appointments to bring their children to the local clinic for a physical check-up by a medical practitioner. The inclusion criteria for mothers were: biological mother of a child of 6-23 months of age living in the resident area at least for greater than one year, apparently healthy (no sign and symptoms of illness in the past 15 days such as acute fever or who reported any infection like malaria, diarrhoeal disease, tuberculosis) and reported as non-pregnant by having regular menstrual cycle. In this study, due to unavailability of reagents to assess CRP and AGP we did not test for these markers of inflammation, and alternatively we excluded children and mothers with a current history of acute fever or who reported any infections such as malaria, diarrhoeal disease, tuberculosis, and HIV/AIDS or who had visible signs of oedema. Information on the utilization of salt was collected, and salt used during the previous night was tested on site for the presence of iodine or not.
The anthropometric measurements for children and their mothers were performed using the standardized procedures recommended by WHO [29, 30] . The weights of the lactating women were measured to the nearest 0.1 kg on a battery-powered digital scale (Seca 770, Hanover, Germany), with a weighing capacity of 0-140 kg. Based on standard anthropometric techniques [31] , the heights were measured to the nearest 0.1 cm, using a wooden height-measuring board with a sliding head bar. Mid-upper arm circumferences (MUAC) were measured using a nonstretchable MUAC tape (MUAC measuring tape/PAC-50) [31] on the left upper arm of the mothers. The study subjects were barefoot and in light clothes when we measured their weight and height. Children were weighed together with the mother of the child, and the child's weight was calculated by subtracting the respective mother's weight. This was recorded on the form during the fieldwork and the calculations confirmed later on by supervisors. Children's height/length was measured to the nearest one centimetre with locally made portable devices equipped with gauges (SECA 2006 sliding board). To avoid variability among the data collectors, all the anthropometric measurements were taken by two different data collectors and the two measurements were compared. Where there was a still difference after repeat measurement by the data collectors, the first author (KTR) re-measured for validation-this was necessary for only one child. The BMI [weight/height 2 (kg/m 2 )] was calculated, and the threshold of 18.5 kg/m 2 was used to identify the underweight women.
Dietary intake assessment
Dietary intake was assessed by simple questionnaire that allowed all types of foods consumed during each of the 24 previous hours to be noted and dietary diversity score (DDS) calculated. In the calculation of dietary diversity score we used seven food group classifications for children over a given 24-h reference period-grains/roots/tubers; legumes and nuts; dairy products, vitamin A-rich fruits/ vegetables; other vegetables; meat/poultry/fish; eggs [32] . Maternal dietary diversity was calculated using nine food groups: all starch foods; dark green vegetables (DGLV); other vitamin A-rich fruit and vegetables; other fruits and vegetables; organ meat; meat and fish; eggs; legumes and nuts; dairy products [33] . All mothers were lactating and all children were breastfed. Detailed data regarding infant and young child feeding (IYCF) practices in this study group have previously been published [34] . None of the households in this study consumed fortified foods or food supplements. In addition to DDS, seven day food frequency questionnaires were used to determine frequency of consuming each food group and consumption of foods rich in zinc and iron inhibitors (phytates). Methods for this data collection were published elsewhere [35] . The dietary and food frequency assessments were made for both mothers and children. Minimum dietary diversity for children was defined as consuming four or more than four food groups from seven group classifications [32] ; minimum dietary diversity for women was defined as consuming five or more food groups from nine food group classifications [33] . Consumption of tea/coffee was categorized as mothers or children who consumed tea or coffee four or more times in the previous week and those who consumed tea/coffee less than four times. The zinc bioavailability inhibitor food group score was derived from mothers who consumed bread, millet, pulses, soybean and tea in the last 24 h. The flesh food group was computed from consumption of red meat, organ meat, poultry and fish. Vitamin A-rich food group (pre-vitamin A carotenoids) was calculated from consumption in the previous 24 h of yellow or orange fruits, other vegetables, carrots and other roots. These data were derived from seven day food frequency questionnaires.
Variables
The dependent variables were nutritional and micronutrients (zinc and iron) status of mothers and children. The independent variables were the mothers' socio-demographic, economic, health and sanitation statuses; and health service utilization and feeding style. The nutritional knowledge of the mothers, their dietary diversity score and meal frequency and the health seeking behaviour of the family were also considered.
Data processing and analysis
The data were double entered, by separate data clerks, into EPI Data version 3.1. Data cleaning and editing were undertaken before the analysis. Descriptive, Pearson's correlation coefficients and Chi-square tests were performed to determine the association between the infants' and their respective mothers' micronutrient, nutritional and dietary diversity data. p values of 0.05 and below were used as cutting points to determine the statistical significance of the associations between the variables. The statistical analysis was carried out using SPSS (version 16), Stata (version 11) and WHO Anthro for children's anthropometric Z score calculation. The magnitude of malnutrition in the infants was assessed by weight-for-length Z score (WLZ), weightfor-age Z score (WAZ) and length-for-age Z score (LAZ). Based on WHO 2006 reference cut-off points, below negative two Z score is categorized as malnourished.
Ethical consideration
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were registered and approved by University College Cork, Ireland and Haramaya University College of Health and Medical Sciences Institution, Ethiopia, Research Ethics Review Committees. Subsequently, the final registration and approval of the protocol was granted by the Ethiopian National Ministry of Science and Technology Ethical Review Committee with registration no of 310/592/06 dated 08/05/06 Ethiopian calendar. Informed consent was obtained from the mothers, and verbal informed consent was obtained from the caregivers of the children; they were informed that they have the right to refuse or exit from the study at any time and refusing to participate in the study would not have any negative implications for them. Verbal consent was witnessed and formally recorded. Children and women who were found to be under nourished during assessment were referred to the nearest health institution for health care services.
Results
As described earlier, blood samples from 162 motherchild pairs were analysed for micronutrients. Of the 162 mothers, 69.8% were illiterate, only 24.7% had their own source of income, 58% had parity greater than or equal to four, only 30.9% completed four focused antenatal care sessions (ANC), and 42.9% had birth interval of less than two years (Table 1 ). The number of the lowland mothers whose parity was less than or equal to three (54.8%) was more than that of the midland mother (28.6%; Χ 2 = 10.1, p = 0.001). A larger percentage of the midland mothers completed four focused ANC sessions (46.2%) compared to the lowland mothers (13.7%; p < 0.001); the proportion of contraceptive users was higher among the midland mothers than the lowland ones (70.0 vs. 39.0%), and the proportion of the mothers who had their own source of income was higher among the lowland compared to the midland mothers (37.8 vs. 11.2%). Similarly the proportion of households that used iodized salt in the previous 24 h was 35 .8% with a significantly higher rate in midlands ( Table 1) .
The mean ages of the mothers and the children were 28.6 (SD ± 5.72) years and 13.44 (SD ± 4.91) months, respectively. Similarly, mean and standard deviation of serum zinc of mothers were 57.0 (22.93) whereas mean Lowland agro-ecological zone is represented by Babile District (Woreda) which is 560 km away from Addis Ababa in the eastern part of Ethiopia and midland agro-ecological zone is represented by Hintalo Wajirat and Endreta districts which are 683 and 773 km away from Addis Ababa in the northern part of Ethiopia. Lowland and midland zones were compared by unpaired t test and p values are shown a In Ethiopia most households use crystal salt and during our survey we found that they wash it before use. Some of the households reported that they wash and grind the salt before use (SD) for children were 55.8 (24.54) μg/l, respectively. While the correlations between mothers and their children were low, they were statistically significant for serum ferritin (p = 0.003), zinc (p < 0.001) and haemoglobin (p = 0.048; Table 2 ).
Anaemia among mothers and children
The overall prevalence of anaemia among the mothers was 19.1%, whereas it was 52.5% among the children. The prevalence was higher among the lowland mothers (30.5%) compared to the midland mothers (7.5%; p < 0.001; Table 3 ). Prevalence was also higher among the 25-34 years of age mothers and among 12-17 months of age children compared to 15-24 years of age mothers and 18-23 months of age children (Table 4 ). There is statistically significant association between maternal and child anaemia in this study group (Χ 2 = 39.16, p < 0.001; Table 3 ).
Iron deficiency anaemia among mothers and children
The overall prevalence of iron deficiency among the mothers was 19.8%. However, the prevalence was higher in lowland mothers (35.4%) than in midland ones (3.8%) and this difference was statistically significant (p < 0.001).
The prevalence of iron deficiency was higher among 25-34 years of age mothers (68.8%; Table 4 ). Similarly, overall prevalence of iron deficiency among children was 44.4%, with no marked difference between the agro-ecological zones (46.3% in lowland and 42.5% in midland; Table 3 ). The 18-23 months children were more iron deficient (37.5%) than 12-17 months children (31.9%; Table 4 ).
Iron and iron deficiency anaemia among mothers and children
Out of the 162 children, 29.6% had iron deficiency anaemia (IDA) (a combination of iron deficiency and anaemia). The highest prevalence of iron deficiency anaemia was found among the lowland children but was not statistically significant (Table 3) . Of the mothers, 10.5% had iron deficiency anaemia with prevalence of 19.5% in the lowlanders and 1.2% in the midlanders. This difference was statistically significant (p < 0.001). Similarly, there was a statistically significant association between the prevalence of iron deficiency anaemia among the mothers and their children (Χ 2 = 18.5, p < 0.001; Table 3 ). Table 4 shows data on iron status of both the lactating mothers and their children by age. Iron deficiency was most common among the children 18-23 months of age (37.5%). As the age of the children increased, the prevalence of iron deficiency increased. However, the level of iron deficiency anaemia was highest (35.4%) among 12-17 months of age children and lowest among 6-11 months of age. Iron deficiency without anaemia was highest among the children 6-11 months of age (47.2%). Iron deficiencies, both with and without anaemia, were more prevalent among 25-34 years of age of the mothers.
Salt utilization
Among the households under study, 35.8% of them used iodized salt on the previous night of the survey. In Ethiopia most households use crystal salt. Some of the households reported that they washed and ground the salt. Regarding Table 3 Micronutrients and nutritional status of mothers and children (6-23 months) by agro-ecological zones in rural Ethiopia LAZ length-for-age Z score, WAZ weight-for-age Z score, WLZ weight-for-length Z score the methods of using the salt, 26% of the household reported washing the salt before using for cooking and about 77.2% of the households reported that they cook the salt in the food. These data highlight the need to increase awareness about proper utilization of iodized salt in the community.
Zinc deficiency anaemia among mothers and children
The prevalence of low serum zinc concentration was 67.3% among the children and 72.2% among the mothers. Among children the prevalence in both agro-ecological zones was statistically similar (73.2% in lowland and 61.2% in midland). However, there was a statistically significant difference between the zones in the prevalence of low zinc concentration among the mothers (Χ 2 = 43.4, p < 0.001), with very high prevalence (95.1%) among lowland mothers (Table 3) .
Undernutrition among mothers and children
Thirteen percentage of children were wasted, 22.8% were underweight and 35.8% were stunted. There was no statistical difference in these indices between lowland and midland regions (Table 3 ). In all three anthropometric measurements, the highest malnutrition was recorded at 12-17 months of age (Table 4) . Similarly, IDA and zinc deficiency were most prevalent among this age group while iron deficiency was highest among 18-23 months age group. As measured by BMI (<18.5 kg/m 2 ), 42.2% of the mothers were malnourished, and the most affected age group was 25-34 years (Table 4) . Similarly, based on MUAC, 45.1% of mothers had MUAC less than 22 cm (malnourished). Maternal wasting (low BMI), and all forms of micronutrient deficiencies analysed in this study were most prevalent among 25-34 year age group indicating the vulnerability of this age group (Table 4) .
Multiple micronutrient deficiencies of mothers and children
This study showed that 32.7% of the children were deficient in two micronutrient biomarkers (serum ferritin and zinc) whereas 46.3% of children were deficient in one of the micronutrient biomarkers. Deficiencies of two micronutrients in children were statistically associated with the mothers' micronutrient status (p < 0.01) but not with the agroecological zones. Similarly, 19.1 and 53.7% of the mothers were deficient in two, and one micronutrient biomarkers, respectively, and there were statistically significant associations between the multiple micronutrient deficiencies and the agro-ecological zones among mothers (p < 0.001; Table 5 ). ), MUAC mid-upper arm circumference in cm a Iron deficiency is defined as a plasma ferritin concentration <15 µg/l for mothers and <12 µg/l children b Iron deficiency anaemia was defined as anaemia (haemoglobin concentration <110 mg/dl in children and <120 mg/dl in mothers) and a plasma ferritin concentration <15 µg/l for mothers and <12 µg/l children c Zinc deficiencies were defined as plasma zinc less than 65 µg/l for children and less than 66 µg/l in mothers 
Relationship between micronutrient deficiencies in mother and child pairs
This study showed that among 53 children and 31 mothers with multiple micronutrient deficiencies, 16 (9.9%) of the mother and child pairs were deficient in both micronutrients. Additionally, 65 (40.1%) of the mother and child pairs were deficient in a single micronutrient (Table 6 ).
Concurrent micronutrient deficiencies of mothers and children
Among mothers with iron deficiency, 81.2, 56.2 and 68.8% of their children were deficient in zinc, ferritin and anaemic, respectively. Similarly among low zinc status mothers, 75.2, 45.3 and 55.6% of their children had low serum zinc, ferritin and anaemic, respectively. Among undernourished mothers, 41.2% of their children were stunted, 67.6% had low serum zinc and 60.3% of them were anaemic (Table 7) .
Dietary habits of mothers and children
The mean and standard deviation for dietary diversity score was 3.1 (0.85) for lactating mothers and 2.6 (1.3) for children. Only 6.8% of mothers and 21% of children achieved Table 5 Zinc and iron deficiencies in combination among lactating mothers and their children (6-23 months) by agro-ecological zones in rural Ethiopia
Iron deficiency is defined as a serum ferritin concentration <15 µg/l for mothers and <12 µg/l children Zinc deficiency was defined as serum zinc less than 65 µg/l for children and less than 66 µg/l in mothers Deficient in both means the mother/child is deficient in both zinc and ferritin while deficient in one means the mother/child is deficient either in zinc or ferritin Table 7 Concurrent micronutrient deficiencies among lactating mothers and their children (6-23 months) in two agro-ecological zones of rural Ethiopia a IDA, Iron deficiency anaemia was defined as anaemia and a serum ferritin concentration <15 µg/l for mothers and <12 µg/l children b Undernutrition is defined as stunting (calculated as length-for-age Z score <−2) for children and low BMI (<18.5 kg/m 2 ) in mothers c Iron deficiency is defined as a plasma ferritin concentration <15 µg/l for mothers and <12 µg/l children d Anaemia was defined as a haemoglobin concentration <110 mg/dl (in children) and <120 mg/dl (in mothers) e Zinc deficiency was defined as plasma zinc less than 65 µg/l for children and less than 66 µg/l in mother
Mother deficiencies
Children deficiencies minimum dietary diversity in the 24 h preceding the survey date. Consumption of foods with potential to inhibit zinc bioavailability (bread, millet, pulses, soybean and drinking tea) by both groups was high as 82.1% of mothers and 91.9% of children consumed these foods in the 24 h before the survey. Only 2.5% of mothers and 3.7% of children consumed flesh foods (Table 8) .
Factors associated with selected micronutrient deficiencies
Body mass index of the mother, household utilization of iodized salt, family planning utilization, de-worming tablets in the past three months, and maternal and paternal education and occupation did not show statistically significant associations with maternal ferritin in the bivariate models. These variables also had non-significant association with maternal ferritin in multivariate models and, therefore, were removed from the final model. Maternal zinc status, drinking water, women dietary diversity score, frequency of drinking coffee/tea in a week and maternal haemoglobin were significantly associated with ferritin status of the mothers and included in the multivariate model. As the maternal zinc level increases by one unit, maternal ferritin increased significantly (β = 0.34, p = 0.005). Those mothers who used protected water sources had higher levels of maternal ferritin compared to those who used unprotected water (β = 18.4, p = 0.001), and mothers who drank coffee/tea more than four times had significantly lower levels of ferritin than those who drank coffee/tea less than four times in a week (β = −15.7, p = 0.003; Table 9 ). We found that child ferritin level is associated with child haemoglobin level. Similarly, as maternal ferritin level increases, the ferritin level of the children also significantly increases (β = 0.13, p = 0.014). As age of the children increased the zinc level tended to decrease but was not statistically significant in multivariate model analysis. Child and maternal zinc status had no association with child ferritin level. In model three, maternal zinc is associated with child zinc status (β = 0.38, p < 0.001), but eating foods that contain zinc bioavailability inhibitors was not significant in multivariate analysis (Table 9) . Maternal zinc is significantly associated with maternal ferritin, source of drinking water, consuming flesh food in the previous 24 h and BMI of the mother. Frequency of drinking tea/coffee in the previous week was not significant. Mothers who consumed flesh food in the 24 h preceding the survey had significantly higher zinc status (β = 18.0, p = 0.031). Maternal ferritin (β = 0.15, p = 0.002) and protected source of drinking water (β = 14.1, p < 0.001) showed significant association with maternal zinc level ( Table 9) .
Discussion
This study demonstrated significant association between maternal micronutrient status and child nutritional status independent of maternal age, children's age and sex and socio-demographic conditions. This association may be due to the shared environment which could impact a child's nutritional status through a number of factors including breastfeeding practices, access to quality foods and health care resources. In general, the nutritional status of mothers and their children was poorer in the lowland regions compared to the midland zone of rural Ethiopia.
The significant interrelationship between maternal and child nutritional status is similar to that seen between mothers and their children in earlier studies from Ethiopia and Bangladesh [36, 37] . But in this study the correlation is weak. The nutrition Collaborative Research Support Program (CRSP) studies reported significant positive correlations between maternal lean mass and infant weight and length, and between maternal BMI and infant length at 3-6 months post-partum. These studies demonstrate the need for nutritional assessments and interventions that encompass both mothers and children in future public health initiatives. The population in the present study was mainly rural; however, both agro-ecological zones have their own traditional habits and diets. The cultural and the traditional feeding habits in the two agro-ecological zones have previously been reported [35] .
In this study, 67.3% of the mothers and 72.2% of the children were zinc deficient. This prevalence is lower than reported in studies conducted in Indonesia and Mexico [38, 39] . The prevalence of low maternal zinc status in our study was similar to that reported in a study conducted in Gondar [13] and slightly lower than reported in another study among pregnant women in southern Ethiopia [40] .
Anaemia was more prevalent among the children (52.5%) than among their mothers (19.1%) and in the lowland compared to the midland zone. This finding is in contrast to a study conducted in Indonesia where higher prevalence of anaemia was reported in mothers (50%) than in children (17%). There is a statistically significant association between anaemia among mothers and their children (p < 0.001). The prevalence of IDA was also higher among children (29.5%) than the mothers (10.5%). The prevalence of IDA in our study group is lower than reported in other studies in Ethiopia [15, 16, 41] .
Another noteworthy finding is the presence of multiple micronutrient deficiencies. When compared to children without anaemia, children with anaemia had a higher prevalence of low zinc status (68.7 vs 87.1%). Similarly, children with low serum ferritin statuses are more deficient in zinc compared to children without ferritin deficiency. Similar findings are apparent in the mothers. The co-occurrence of both zinc and ferritin deficiencies in the children was higher than their mothers showing that micronutrient deficiency is a serious nutritional issue among the children. The high levels of zinc and iron deficiency also suggest that there could be broader micronutrient deficiencies in the study population but we did not assess other micronutrients due to financial constraints. This calls for more comprehensive and preventive approaches or interventions-whether food based, supplement based or fortification based-to alleviate this serious public health issue.
Zinc, iron and anaemia levels of the mothers were significantly associated with corresponding parameters in their children (p < 0.001). Additionally, there was a statistically significant association between mothers and their respective children regarding the co-occurrence of deficiencies of all three or two micronutrient biomarkers (p < 0.001). This suggests that the nutritional deficiencies of the lactating mothers and their children are highly inter-correlated. An Indonesian study also reports a similar finding [38] . In lactating mothers, there were also statistically significant differences (p < 0.001) in micronutrient deficiency between the lowland and the midland agro-ecological zones, but these were not observed in children. This may be due to the feeding habits differences in both communities [35] . A recent study in Cambodia reported a significant but weak association between maternal haemoglobin and child's haemoglobin status [42] . Based on the odds ratio, the odds for children aged 6-12 months being anaemic were 1.77 times higher if their mother was anaemic. Children aged 12-24 months had a 1.82 times higher chance of being anaemic if their mother was anaemic.
This analysis adds to the literature on maternal nutritional status in rural communities in low income nations. It demonstrates the presence of acute undernutrition as shown by the low BMI values among mothers in the study's population. It contributes to the understanding of determinants of maternal nutrition in rural Ethiopia. The presence of interrelationship between maternal nutritional measures and child nutritional status (Table 6 ) stresses the importance of addressing maternal nutritional status with the aim of improving both maternal and child health outcomes.
Dietary diversity of mothers and children 6-23 months old in this study is very low indicating that there are poor feeding practices in the community. This study was conducted in the postharvest season at a time of good agricultural production in Ethiopia and when no drought affected these communities. Additionally, it is expected that during the postharvest season farm income will increase which may in turn increase consumption and purchase of adequate food. However, it is also expected that access to fruit may decrease during the postharvest season as its production is quite seasonal and it is not found in local markets.
In addition to poor dietary diversity in this study population, the proportion of children and mothers who consume foods (e.g. cereals) rich in inhibitors of zinc bioavailability (phytates) was very high, which may be one of the factors contributing to zinc deficiency. Consumption of flesh food (rich in iron and zinc) was exceptionally low, whereas consumption of foods that can interfere with iron absorption (e.g. coffee) was high.
In this study, we found that mothers who drink water from protected sources have significantly lower deficiency of iron and zinc. Consumption of unprotected water may expose the mothers to loss of nutrients from the body as a result of diarrhoea. However, this needs further investigation. It has also been reported that in India, poor environmental sanitation, unsafe drinking water and inadequate personal hygiene are factors affecting anaemia prevalence [43] .
One of the limitations of this study is that it did not assess energy and nutrient intake quantitatively, because it used a qualitative 24-h recall data. The other possible limitation is recall bias associated with maternal memory and other response variables. We were not able to test creatinine reactive protein (CRP) as a measure of acute infection or inflammation responses due to financial reasons and absence of required reagents at national level during this study. However, bloods were collected from apparently healthy individuals who self-reported no ill health prior to the study. No medical examination was conducted on study participants to assess health status due to financial constraints.
Conclusion
This study showed that anaemia, low serum iron and zinc statuses are very prevalent micronutrient deficiencies among lactating mothers and their children <24 months in rural Ethiopia. Deficiencies among the lactating mothers correlated significantly with deficiencies in their children suggesting that micronutrient deficiency is intergenerational, even though the mechanisms involved have not yet been explained adequately. Many of the low iron status mothers and children were also had low zinc status, suggesting that there is an association between iron and zinc status. The fact that we found multiple micronutrient deficiencies within this study population indicates the need to establish effective preventive public health nutrition programs. These programs need to focus on nutrition education regarding the importance of improving dietary diversity and, in particular, adding animal source food rich in iron and zinc in the daily diet.
